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FN-N-= bu-N-= hoy 7 7=y (N-methyl-N'-nitro-N-nitrosoguanidine, MNNG) AR 2
B LEBRORBESEREEL > CEREEROT(EZRIT 2 £ & bz, BRI BEEH 25 ¢
CEEPETBHEBROELERTL 2. EREBMIE N —REEEELEY M 2L, MNNG &
0.025%7K¥E¥K 2 ml (0.5mg) %:@2E, 15:8H (ME 15mg) ERNEBRSL .. REAGFIR
ZILERBAA 408K L, BRI L > TH S iR AIKIBOEGI A 2 E UREBL ., %72, B
Ha oG EEFORFBAMTICIRFTAZ0C 57 4 —% B0, TOBSE, EERERHEER
D T6%I N LIBKEBETIL 56% LIET L, HEEOFEZEERIFER L HIE O m % 56%, sm #%52%, pm i
8%, ssiE4 %I LEETIImEE40%, sm fE28% %D =717 T pm i\, ssi@lka snd, [EfEH
THRBEREERDOET 25 CCRBEOZWVERZR LT, £/, —EHizh ORBEEST BEERD
2.96 {1 U BEHERE 1.08 f, 5 &R sm M EOBEEEIIATE D 0.92 B L% 0.36 /8 L lEHE
BHTEEOBRY 27RL (9<0.05), EBEL 0.1cm UTOEESFIED 29. 7%z LEE 51.9% & i
BCEEEO/NS ZEENEEICHML L (p<0.05). BEEEHDEHEERLE, BEECa - 1R
BLUOTFA XY a—VBOERWZMZ, 7/ T4 &y a—VEEBELS L, —RIEHE/ZREH-ER S 66.7
5 217 NEA T AER ER L 7, EEREHER IOV CIRIE- BT B R U, BT, T4
FOO—NVEB IV b3 —VBEOZIREHER OB 5 b —RABHE/ "R EHE D 0.60 2 5 1.39 ~
ERTERNBONS, BlbL D, MNNGFEREL Ty MEBRABE T, B KBS AEMN
HENCER L7z, TOERE U CHERFICHE S EEPEABEREORL B & CTREHBREOR KRR
T2LDEERLL.
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Abbreviations : AOM, azoxymethane; CA, cholic acid; CDCA, chenodeoxycholic acid ;
DCA, deoxycholic acid; DMH, dimethylhydrazine ; LCA, lithocholic acid; MAM, methyl-
azoxymethanol acetate; MNNG, N-methyl-N’-nitro-N-nitrosoguanidine ; MNU, N-methyl-
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Fig.1. Experimental design. Numbers (n) of animals at the onset and surviving at the end
of the experiment are shown. The arrows show the period of instillation with MNNG.
MNNG, N-methyl-N’-nitro-N-nitrosoguanidine.

N-nitrosourea ; UDCA, ursodeoxycholic acid.
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1. EERER

MNNG &5z & 2 BRIEF 3 (I HBAEEE, REfEEE
FIZ100% ThH - 7z, FEIEF LRI BFEREO 25 L
19 7% (76%) w2t UAESERETIE 25 dh 14 5 (56%)
#RL, BECHEZERNCIIHAE#EO mE 14T

(56%), smiE 13ML(52%), pmH2PE(8%), SS
LR (4%) oL, AEFEEECIE miE 10 15 (40%),
ss fETUC (28%) 2T i-HIFTpm, ss@iEsHS
Nt BECHEERIEHEMICERZ X2V
BB TEY T2 ER TR L, R ERERIRESRE
Tit, BHEHTIIEEE pm U EO#ETL B
8RWRELDIWIHL, EMBETIETEORLIR

Table 1. Colonic tumor incidence in sham operated and cholecystectomized guinea pigs instilled with

MNNG
No. of No. of animals No. of animals No. of animals
Group 0 o with neoplasms with adenomas with carcinomas
animals (%) (%) (%)
Sham operation 25 25 (100) 26 (100) 19 (76)
Cholecystectomy 25 25 (100) 25 (100) 14 (56)

Table 2. Incidence of carcinomas by histological depth of invasion

Incidence of carcinomas by

Grou No. of histological depth of invasion (%)
P animals
m sm pm 88
Sham operation 25 14 (56) 13 (52) 2 (8) 1 @)
Cholecystectomy 25 10 (40) 7 (28) 0 0

Abbreviations of histological depth of invasion are as follows: m, mucosal layer ; sm, submucosal lay-

er, pm, proper muscular layer; ss, subserosal layer.
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AENT AT sm g TOEIET, BREHEIHEREE
BHRBEHEOSFERERLE (K1, 2).

1. BHEK

—WEH i v OFAEBBEESL BRAEEE29.5 B
UBEHEEE 14 .8 T, 5 bIREELIIAIED 26.5 Ew
L3 13.8 8, BEERE 3.0 oL 1.1 v
T ERBETCREBEELER I (p<0.05) HA L

(%3). BEOEEEROFREME L, BHEHEO m
% 2.08, sm#E0.8{8, pmE 0.1/, ss#0.04 @
XL, BT mE 0.7 8, sm#E0.4 T, pm,
ssER bR sNZNk, ZDIITBTH
DOEEZE T b JEFEE Tl BRI EEAF A E TR
Y3 aERERL (p<0.1) (F4).

. M & BRI L & Ul fikin

BRI L DRE I KIBOFERE, BRE
BEOFBERR 92.2cm, HiE10.0cm XL, [EFEEE
TREBERN.7cn, EBI.7Tcm TEEEZRI R
Pz,

BHESEBMER BEHERECRIIMES» S
0.00~21.78cm (F#99.84cm) 12, BFETRK
0.00~23.14 cm (F47 10.88 cm) = A L 7=, BRE
BARAMIEED 0.00~21.78 cm (49 9.89 cm) ot L,
REfEEED 0.00~23.14 cm (3FEY 10.90 cm) T, EEIX
BBABERED 0.36~16.79 cm (SF#9 9.43 cm) WxfL,
ABEEED 0.40~18.92 cm (FF#5 10.71 cm) ¥ 3 RTIE
FHELRSFERL (B2, 3).

IV. EERRE

1. HRESE

%

BEWMERE T CHEEOHELUTO 4 848 L 1,
(B4, 5, 6, 7). T72bb 1)KME (depressed
type), 2) FHEU (flat type), 3) EEAZE (elevateq
type), 4)[&#2+FEMEY (elevated type with depres.
sion) TH 5, BEOWEL, HBEMOMMIYSE
(10.8%), F3H #1518 (20.3%), B LB 47(g
(63.5%), EAR+FAME 4@ (5.4%) WL, Mg
BETIXMEME T8 (25.9%), FHEEIE (33.3%),
ReA2H) 1018 (37.0%), EeRS+RalIE 148 (3.7%) &,
IEfEEE CREAR RSB (p<0.025) A L 7- (£5).
RO, BEEEFROMME 138 (2.0%),
SEAER 533 {8 (80.4%), EE#SE 116 {8 (17.5%), &
AR+ TR 1 {E(0.2%) ot L, REREEEOMEME 10 {F
(2.9%), 8 A 26218 (76.2%), K& i B 7248
(20.9%), B2 -+FEMAE 0 BE2RL, MERCEEE
RO hol (F6).

2. EERE
BEEORRKFEC DLW THEMET CRE T2, BB
TE, HEERERAET 1mm BT 2218 (29.7%), 1~2
mm38 {8 (51.4%), 2 mm%# 2 2 & O 14
(18.9%) (F#0.15cm) RL7zDRL, IBfFER
Tt 1mmPl T 1418 (51.9%), 1~2 mm 9 {&
(33.3%), 2mm »# 22 HD 4 {8 (14.8%) (F§
0.12cm) 3R, BEFFETRAERO/NS LEBEO LD
2 LEENBFEBEFICHEATEC (p<0.05) Frok
(/7). F7-BRETIE, BEEREO 1 mm LT 586 &
(88.4%), 1~2 mm69{H (10.4%), 2mm %z
250 8@ (1.2%) L, EFEEED 1mm LT 305

Table 3. Number of tumors in sham operated and cholecystectomized guinea pigs instilled with MNNG

Grou No. of No. of neoplasms No. of adenomas No. of carcinomas
b animals (per animal) (per animal) (per animal)
Sham operation 25 737(29.48+£32.10) 663 (26.521+28.41) 74(2.96%=4.11)
Cholecystectomy 25 371(14.84+12.74)* 344(13.76£12.14)* 27(1.08%1.44)*

The figures in parentheses are expressed as meantSD. Significant difference between the two groups,

* p<0.05.

Table 4. Number of carcinomas by histological depth of invasion

No. of No. of carcinomas by histological depth of invasion (per animal)
Group animals e
m pm ss sm+pm +s$
Sham operation 25 51(2.04+3.47)  20(0.80+0.91) 2(0.08+0.28) 1(0.04+0.20)  23(0.92+1.12)
Cholecystectomy 25 18(0.72x1.21)  9(0.36+0.64) 0 0 9(0.36£0.64)

The figures in parentheses are expressed as mean+SD. Abbreviations are shown in footnote to Table
2. Significant difference between the twe groups, *p<0.05.
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(%8). @ (2.7%), HIBMILE 4@ (5.4%), K@ 1E
V. BEOHEBRNIE (1.4%) R L 7c 0w L, BEEETIIESMUIRE 22
1. s @ (81.5%), HhsMeisfE 3@ (11.1%), EAHLERRE
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Fig.2. Distribution of tumors in sham operated guinea pigs instilled with MNNG. {7,
adenoma ; S8, carcinoma.
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Fig.3. Distribution of tumors in cholecystectomized guinea pigs instilled with MNNG.

[, adenoma ; {8, carcinoma.
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2{E(7.4%) 2 RL, MBHICEERRD B0/, &,
RECHBAOEE R, SMURESABIESED,
b RBECEEIL T (F9).

2. BEE

/oniz 101 EOBEOREEDSMIL, miE69
8 (68%), sm#ZE291E (29%), rmFE2ME (2 %),
ss B 118 (1%) £~ L, BFMERE L BRI EBL
7oiBE, REEECEDILRCEGRD L » -

i

T L EEEOBBRIC DV T, B 14 8
DI b, 55 @ mEE, 19@» smBETHD, pmizig
Lot —H, POMEERE 18D 3 51
fEw pm Ex, 7-FIBRMERE4EO S 5 1z pm
2, 1B ssEx o, BMEBRE, (NBEs
& ORI &5 9 [ L Bud D v at, mE 34, sm
4 A, pm 1A, ssiE 1 FEEENECERE

¥

Fig. 4. Depressed type of tumors.

Histological appearance shows mode-

rately differentiated adenocarcinoma, invading into the submucosal layer.

(HE stain, x40)

Fig.5. Flat type of tumors. Histological appearance shows tubular
adenoma. (HE stain, x40)




KIS FE LI BUE T IR o 2 B T 2 RERIIDISE 485

Fig. 6. Elevated type of tumors. Histological appearance shows signet-ring
cell carcinoma, invading into the subserosal layer. (HE stain, x40)

Fig. 7. Elevated type with depression of tumors. Histological appearance
shows mucinous carcinoma, invading into the submucosa! layer. (HE

stain, X40)

Table 5. Morphological types of colonic carcinomas in sham operated and cholecystectomized guinea
pigs instilled with MNNG

No. (%) of carcinomas showing type of

Group carimas
> 1) =~ — 2) 3) " 4)—""
Sham operation 74 8 (10.8) 15 (20.3) 47 (63.5) 4 (5.4)
Cholecystectomy 27 7 (25.9) 9 (33.3) 10 (37.0)* 1 (3.7

Morphological classification is as follows: 1), depressed type; 2), flat type; 3), elevated type; 4),
elevz}ged type with depression.
Significant difference between the two groups * p<0.025.
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w~L7e (%|10).
VI. #MEPRRHEE AT
BEORBREFIHMMAEED6.7613.21g 0L
BEi¥%F 6.68+2.59g TEERDLb o7,
HEPETBRINERE, FE (ko) b7 HEEE
Tix CA150.4%+321.6 «M/H, DCA 22.7+£81.6 uM/
B, CDCA 48.4+35.4 uM/H, LCA 365.9 +£320. 6

b7

«M/H, UDCA0.1+£0.4 uM/H @ &t 587.5+471.7
wM/Bzst L, BEREEECI: CA 145.84£329.4 M/,
DCA 4.2411.0 #«M/H, CDCA 64.1+41.8 £M/F,

LCA 277.0+214.1 xM/H, UDCA 1.1%2.8 xM/R
DET492.1+348.7 uM/B T, RB{HEE THRIBH-Bedm
Bo@EA L, DCA & U LCA LT 2 FR %
AUTz, —WRBME/ RIBHBR LI BEBAMERE 0.60 4

Table 6. Morphological types of colonic adenomas in sham operated and cholecystectomized guinea
pigs instilled with MNNG

No. of No. (%) of adenomas showing type of
Group adenomas
1)~ — 2) 3) 4)
Sham operation 663 13 (2.0) 533 (80.4) 116 (17.5) 1 (0.2)
Cholecystectomy 344 10 (2.9) 262 (76.2) 72 (20.9) 0

Morphological classification is shown in footnote to Table 5.

Table 7. Sizes of colonic carcinomas in sham operated and cholecystectomized guinea pigs instilled

with MNNG
Group No. of No. (%) of carcinomas showing size (mm) of
carcinomas <1 1-2 9«
Sham operation 74 22 (29.7) 38 (51.4) 14 (18.9)
Cholecystectomy 27 14 (51.9)* 9 (33.3) 4 (14.8)

Significant difference between the two groups, * p<0.05.

Table 8. Sizes of colonic adenomas in sham operated and cholecystectomized guinea pigs instilled

with MNNG
No. of No. (%) of adenomas showing size (mm) of
Group 0. o
adenomas <1 1—2 9<
Sham operation 663 586 (88.4) 69 (10.4) 8 (1.2)
Cholecystectomy 344 305 (88.7) 37 (10.8) 2 (0.6)

Table 9. Histological types of colonic carcinomas in sham operated and cholecystectomized guinea
pigs instilled with MNNG

No. of No. of No. (%) of carcinomas showing histological type of
Group animals carcinomas Well Mod. Por. Sig. Muc.
Sham operation 25 74 53(71.6) 14(18.9) 2(2.71) 4(5.4) 1(1.4)
Cholecystectomy 25 27 22(81.5) 3(11.1) 2(7.4) 0 0

Abbreviations of histological types of carcinomas are as follows: Well, well differentiated adgnocarci-
noma; Mod., moderately differentiated adenocarcinoma; Por., poorly differentiated adenocarcinoma;
Sig., signet-ring cell carcinoma; Muc., mucinous carcinoma.
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HUIBRERETIE 1.39 C R C LA T2 Em ERL
(p<0.1), CDCA/LCA i BEBCHEICET L2
(p<0.01) (F11, &8, 9),

vil. BRERBITARRARHRESAT
it 40 BRI PREHEEBE & L U,
wEi a0 CA8.8+17.6 xM/ml (9.6+15.8%),

DCA1.0£3.6 xuM/ml (1.2+3.2%), CDCA 44.3+

23.7 #M/ml1(81.1+20.2%), LCAO, UDCA 6.1£9.2
#M/ml(8.0+10.1%) ixxtl, BEREETIE CA24.7%
39.2 uM/ml (21.7+22.4%), DCA 3.8%7.6 «M/ml
(3.8+£6.7%), CDCA 40.5+30.6 «M/ml (67.4+
23.4%), LCAO, UDCA3.6+4.3uM/ml (7.0%
9.0%) T, hEfEEE T CA 8 X U DCA iRtk ss ER L,
CDCA L3 L1 (CA, CDCA Tt p<0.05,

Table 10. Number of colonic carcinomas in relation to histological type classification
and depth of invasion in guinea pigs instilled with MNNG

Number of colonic carcinomas by depth of invasion

Histological

type m sm pm ss total
Well 55 19 - ~ 74
Mod. 11 6 1 - 18
Por. 2 2 - - 4
Sig. 1 1 1 1
Muc. - 1 - -
Total 69 29 2 1 101

(%) (68) (29) (2) 1

Abbreviations of histological types and depth of invasion of carcinomas are shown in

footnotes to Table 2 and 9.

a) In the feces

b) In the hile

STD

LEA CDCA

uncA

Fig.8. Gas chromatogram of bile acids in the
feces (a) and in the bile (b).
Abbreviations of the bile acids are shown in
footnote to Table 11 and the other is as follows :
STD, standard (cholanic acid).

2 - 0.4
B — %
- 0.3F
° ? 2
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o O 0.1f
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E 3 £ 3
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» O B O

Fig.9. The ratio of PBA to SBA and of CDCA to
LCA of the fecal bile acids in the two groups.
The values represent mean+SEM of the ratios.
Abbreviations of the bile acids are shown in
footnote to Table 11 and the others are as
follows: Sham, the sham operation group;
Chol., the cholecystectomy group. Significant
difference between the two groups, *p<0.01.
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DCA Tix p<0.1). 25w —kIBHER/ZWwIBH L f2Z v PREGET, 35%4REMIEIMARE S oy
V3 BBARERE 66.7 W0t U ARIERE 21.7 L IBRERE TR T FeEEE4.5520.46 1zt LIBHREFAM B 58ty
BHEMmERLY: (p<0.1) (R12, E8). 3.10%0.58 {8 & WIBRARIRIR S 12 & > T BB R &R
BoHECHEMLI:Z L 2RET03, 2035
* = PR & KSR AR L OEEABENE S5, Al
EERMORBEFEERIFH T 2ERICH HO BB ORRBEESEH SN TV 3, T4
ZDERE UTREBORKALI S [ERFERRE D b, Cummings &* I BASRE R DTELUC & 0 JRE 4
BABBIFOhTwa, Tabb, EROHED SIS B S h, ERFOEHBREEEEDFEICEMT 2
BAIEERE & RIBRIE N TEDOERERERICH 5 = L a8 ZEERLTWVS,

BHE SN TW 3", FEBMIZ b Reddy 50 IO &3 e mIERCHE D BHBARB OE IcER
MNNG#H 7 v M RBRIC BT, 15%0 BTN L, Hill 5¥® 3 AR A G T Y7, 77 V7%, Bk
& D BERERR S I REER S £ L ERIHE ETOEREPEHBEORE, 5, HEPEAEREE
mut-Z e %8& L, 7z Nigro 5% AOM 2w ERBERER L OMICEOEM 2Ry, EERET

Table 11. Fecal bile acid excretion of sham operated and cholecystectomized guinea

pigs
Fecal bile acid, pM/day/kg body weight
Bile acid Sham operation Cholecystectomy
(n=19) (n=17)
CA 150.4+321.6 145.8+329.4
CDCA 48.4+35.4 64.1+41.8
UDCA 0.1£0.4 1.1£2.8
_____ PBA ... lssEsse o 1993%2m22
DCA 22.7181.6 4.2%+11.0
LCA 365.9£320.6 277.0%£214.1
_____ SBA . ®seEmsa 2810203
TBA 587.5+471.7 492.1%348.7

The figures are expressed as mean+SD. Abbreviations of bile acids are as follows:
CA, cholic acid; CDCA, chenodeoxycholic acid; UDCA, ursodeoxycholic acid; PBA,
primary bile acids; DCA, deoxycholic acids; LCA, lithocholic acid; SBA, secondary
bile acids; TBA, total bile acids; n, number of animals studied.

Table 12. Biliary bile acid composition of sham operated and cholecystectomized guinea

pigs
Biliary bile acid, xM/ml (%)
Bile acid Sham operation Cholecystectomy
(n=20) (n=21)
CA 8.8+17.6 (9.6%=15.8) 24.7+39.2(21.7%t22.4)*
DCA 1.0£3.6 (1.2%£3.2) 3.8£7.6 (3.8%6.7)
CDCA 44.3%23.7(81.1£20.2) 40.5%30.6(67.4£23.4)*
LCA 0.0 0.0
UDCA 6.1x9.2 (8.0%=10.1) 3.6%4.3 (7.0%9.0)
TBA 60.2%41.0 72.61£64.3
PBA/SBA 66.7 21.7

The figures are expressed as mean=+SD.
Abbreviations of bile acids are shown in footnote to Table 11.
Significant difference between the two groups, * p<<0.05
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The Effect of Cholecystectomy on the Induction of Colorectal Cancers in Guinea Pigs by N-

Methyl-N’-Nitro-N-Nitrosoguanidine

Takeo Kosaka, Department of Surgery II, School of

Medicine, Kanazawa University, Kanazawa, 920 — J. Juzen Med, Soc., 94, 479—494 (1985)
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Abstract

The influence of previous cholecystectomy on the N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG)-induced colorectal carcinogenesis was examined in female Hartley-strain guinea pigs.
All animals were given 2 ml of 0.025% MNNG solution (0.5 mg MNNG) by intrarectal instil-
lation twice weekly for 15 week sacrificed 40 weeks after the first instillation with MNNG. After
fixation in 10% formalin solution the distal large bowel was totally embedded in paraffin and
serial sections were cut every 100 um longitudinally from the bowel. Microscopic evaluation was
performed in all section after staining them with hematoxylin and eosin. For the purpose of

examining changes in bile acid metabolism after cholecystectomy, biliary and fecal bile acids
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were analyzed by gas chromatography. The incidence of guinea pigs bearing carcinomas was
slightly decreased in the cholecystectomy group, being 56% compared with 76% in the sham
group. As for the depth of the invasion, the incidence was also decreased in the cholecystectomy
group: in the submucosal layer, the incidence was 28% in the cholecystectomy group compared
with 52% in the sham group; in the proper muscle layer, 0% vs 8%, respectively; in the subserosal
layer, 0% vs 4%, respectively. The insidence of colonic carcinomas per animal was decreased in
the cholecystectomy group, the mean value being 1.08/animal compared with 2.96/animal in the
sham group (P<0.05). The incidence of carcinomas invading into the layers deeper than the
mucosal layer was also decreased in the cholecystectomy group, the mean value being 0.36/
animal compared with 0.92/ animal in the sham group (P<0.05). The incidence of carcinomas
with sizes of less than 0.1 cm was increased in the cholecystectomy group, being 51.9% in the
cholecystectomy group compared with 29.7% in the sham group (P<0.05). Biliary bile acid
composition of the cholecystectomy group showed increased cholic and deoxycholic acid and
decreased chenodeoxycholic acid. And the ratio of primary to secondary bile acid was decreased
in the cholecystectomy group, the mean value being 21.7 compared with 66.7 in the sham group
(P<0.1). In the fecal bile acid excretion the cholecystectomy group reduced total bile acid, and
deoxycholic and lithocholic acid. And the ratio of primary to secondary bile acids was increased
in the cholecystectomy group, the mean value being 1.39 compared with 0.60 in the sham group
(P< 0.1). These findings suggest that cholecystectomy suppresses the MNNG-induced colorectal
carcinogenesis in guinea pigs and that it is due to the decrease of total and secondary bile acid
excretion into the feces.




